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Abstract 

Purpose: The aim of this study was to develop a method for standard laparoscopic access to the pudendal nerve 
in pigs to implant an electrode for chronic neuromodulation studies. 

Methods: Using routine laparoscopic surgical techniques, the pudendal nerve was located in 10 female pigs using 
standardized anatomical landmarks. A tined lead electrode was placed in parallel to the exposed pudendal nerve, 
and acute unilateral electrical stimulation was performed consecutively on both pudendal nerves. Bladder pressure 
and perineal skeletal muscle response was monitored during stimulation. 

Results: Standard access to the pudendal nerve was successfully established in the pig model with surgical times 
of approximately 45 minutes for bilateral electrode placement. Acute unilateral stimulation did not evoke bladder 
responses but resulted in reliable stimulation-dependent activity of the perineal skeletal muscles. The structural 
integrity of the pudendal nerves was confirmed in all cases. 

Conclusions: These results illustrate the effectiveness of laparoscopy for standardised, safe nerve localisation and 
electrode implantation at the pudendal nerve in pigs. Laparoscopic implantation represents an alternative approach 
for performing electrode implantation under optical guidance versus the standard approach of percutaneous, 
neuro-physiological monitored implantation. In the future, pudendal neuromodulation may be used as a 
supplement to sacral neuromodulation or as a standalone therapeutic approach, depending on the underlying 
bladder dysfunction. 
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Background 

The pudendal nerve is a peripheral nerve composed 
mainly of afferent sensory fibres from sacral nerve roots 
SI, S2, and S3. Consequently, the pudendal nerve is a 
major contributor to afferent regulation of bladder func- 
tion (Peters 2010). Due to the large number of afferent 
fibres, the pudendal nerve is an attractive target for neu- 
romodulation therapy for patients affected by bladder 
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dysfunctions such as overactive bladder or urinary in- 
continence (Le and Kim 2011). Various sites have been 
used for electrical stimulation of the pudendal nerve. 
Specifically, early studies that sought to manage incon- 
tinence by neuromodulation mainly used perineal, trans- 
vaginal, or rectal stimulation of branches of the 
pudendal nerve. The current method of choice for pu- 
dendal neuromodulation is percutaneous implantation 
of a tined lead electrode at the pudendal nerve using ei- 
ther a posterior or perineal approach (Peters et al. 2005; 
Spinelli et al. 2005; Martens et al. 2011). Although the 
percutaneous implantation method is highly feasible and 
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has been tested in clinical trials (Spinelli et al 2003), an 
alternative implantation technique is needed for patients 
in whom a percutaneous approach is problematic or im- 
possible. Here we tested a minimally invasive technique 
in which an electrode was guided laparoscopically to the 
pudendal nerve using specific anatomical landmarks. 

Laparoscopy is a highly precise and minimally invasive 
surgical technique that is the gold standard approach for 
many surgical interventions. Laparoscopic implantation 
may have advantages, such as lower electrode migration 
risk and secured placement under optical control with 
improved stimulus transmission. Although Possover 
et al. (2010) have demonstrated laparoscopic implant- 
ation of electrodes to various nerves in the small pelvis, 
the current study focuses exclusively on the pudendal 
nerve as one of the main regulators of bladder function. 
Having an alternative method for surgical electrode 
placement near the pudendal nerve would be valuable 
for functional modulation of the dysfunctional bladder. 

Results and discussion 

Surgery 

The surgeries were completed successfully in all 10 pigs. 
The operating time for bilateral electrode placement 
was approximately 45 minutes. No intraoperative 



complications were identified. Standardised localization 
of the pudendal nerve and placement of the electrode at 
the nerve site was successful in all animals (Figure 1). 
The tined lead electrode was unsatisfactory for laparo- 
scopic handling due to its rigidness. Stimulation success 
was judged by response of the perineal skeletal muscle. 
During stimulation, contraction of the perianal skeletal 
muscle was clearly visible. 

Urodynamics 

The control urodynamic measurement showed weak 
bladder responses during active filling in all animals 
under light sedation. Spontaneous voiding was only re- 
corded in one animal (Figure 2A). Bladder responses 
were absent in all animals during general anaesthesia 
(Figure 2B). Multiple manual external triggering pro- 
voked no urine loss and, at higher intravesicular pres- 
sures of more than 20 cmH20, there was no micturition 
or passive urine loss. After onset of the pneumoperito- 
neum, there were no differences compared to the previ- 
ous recordings due to a lack of any reaction of the 
bladder. Spontaneous micturition or passive urine loss 
could not be provoked by active filling or manual exter- 
nal triggering of the bladder (Figure 2C). Passive minor 
urine loss eventually occurred after stronger manual 




Figure 1 Laparoscopic access to the porcine pudendal nerve. A, B: Ventral top views of the obturator nerve (*), the pelvic side wall, and, 
after opening the fascia, the dorsally located pudendal nerve (white arrow). In panel B, a vessel rein is used to fix the pudendal nerve. 
C, D: Photos of the pudendal nerve with tined lead electrodes (black arrows) placed in parallel to the nerve for acute stimulation. 
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Figure 2 Urodynamic data from a single animal. Measurements were performed during light sedation (A; control measurement), general 
anaesthesia (B), after creation of the pneumoperitoneum (C), and during unilateral stimulation (D). Spontaneous voiding (arrows) was seen only 
in the control measurement (A); there was no spontaneous voiding after deepening of the anaesthesia (B-C). No bladder response was observed 
during stimulation using either low stimulation parameters or high stimulation parameters (D). Triggering led to short-term increases in bladder 
and detrusor pressure (arrowheads in A, B, C, D) with minor subsequent urine losses at higher pressures (<35 cmH20). The EMG signal was sound 
according to the stimulation parameters and demonstrated correct electrode placement (D), which was confirmed visually. 



compression (<35 cmH20) of the bladder, but it 
stopped immediately after the compression ended. 
Drainage had to be performed actively. During unilat- 
eral electrical stimulation, no differences were ob- 
served in bladder responses. Triggering did not 
provoke an active bladder response, and no urine 
loss, either passive or active, was recorded during 
stimulation (Figure 2D). 

Histology 

All pudendal nerves showed good preservation at the 
histological level (see Figure 3). The single dissected pu- 
dendal nerves varied in size from 0.2 to 1.1 mm at their 
largest expansion (see arrows in Figure 3). The nerve 
fibre bundles are embedded in preserved connective tis- 
sue, including adipose tissue and blood vessels. The 
single nerve fibre bundles were densely packed with 
myelinated nerve fibres and were surrounded by endo- 
neurium that appeared to be homogenous. 



General discussion 

Laparoscopy is a minimally invasive surgical technique 
that can be used for electrode implantation and for neu- 
romodulation of the targeted visceral organs (Possover 
2010; Possover et al. 2007, 2010; Rabischong et al. 2011). 
Currently, conventional neuromodulation is performed 
using a percutaneous approach in which a tined lead 
electrode is implanted near the target nerve using 
neuro-physiological monitoring (Spinelli et al. 2003). 
However, one disadvantage of a percutaneous approach 
is the absence of direct optical control for electrode 
placement; indeed, placement must be monitored using 
fluoroscopy and X-ray imaging. 

The pig was chosen as the best animal model for this 
study because the anatomical, physiological, and phar- 
macological characteristics of porcine bladder function are 
considered most similar to those of humans (Jorgensen 
et al. 1983; Mills et al. 2000; Dalmose et al. 2005; 
Bossowska et al. 2009; Jensen et al. 2009). The basic 
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Figure 3 Histology of the pudendal nerve. Overview (A) of several nerve fibre bundles (NFB) embedded in dense perineurium comprising 
connective tissue (CO, adipose tissue (AT), and blood vessels (BV). The single nerve fibre bundles are densely packed with myelinated nerve fibres 
(arrows) and are surrounded by endoneurium (B). Scale bars, 100 urn (A), 50 urn (B). 



requirements for laparoscopy in pigs are generally similar 
to those in humans, further supporting the appropriate- 
ness of the use of a pig model Laparoscopy in pigs has 
been performed successfully in the past (Rabischong et al. 
2011), and the sizes of the single selected peripheral 
nerves that innervate the bladder are comparable to those 
in humans and are therefore suitable for electrode im- 
plantation and chronic neuromodulation. 

Due to advances in laparoscopic techniques and in- 
strumentation, identification and exposure of the main 
somatic and autonomic nerves in the pelvis is now 
feasible using laparoscopy (Rabischong et al. 2011). La- 
paroscopic nerve location with subsequent electrode 



implantation has been successfully performed previously 
(Possover et al. 2007, 2010; Possover 2010; Rabischong 
et al. 2011), but this report is the first to describe stand- 
ard laparoscopic access to the pudendal nerve in the pig 
model. 

Laparoscopic placement may lower the risk of elec- 
trode migration due to more precise, diligent, and 
optically-controlled placement along the target nerve. 
Laparoscopic electrode implantation cannot be com- 
pared with the standard technique used for conventional 
sacral neuromodulation, as the latter involves accessing 
the S3 roots using a transforaminal approach. However, 
the location of the pudendal nerve makes a 
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percutaneous procedure, either from the posterior or via 
the perineum, more difficult. The correct placement of 
the electrode using one s knowledge of anatomical struc- 
tures and "blindly" implanting the electrode at the nerve 
site with the help of neuro-physiological monitoring is 
not always feasible. Therefore, stimulation responses can 
vary greatly between patients. Accordingly, visually mon- 
itoring electrode placement using laparoscopy may be a 
preferable approach, even if it is slightly more invasive. 

An empty bowel and bladder are important for this 
approach to the nerve, since faeces or a full bladder may 
hamper access to the pudendal nerve and make elec- 
trode implantation difficult and time consuming. There- 
fore, fasting for at least 24 h prior to surgery and 
continuous drainage of the bladder are crucial for the 
success of the surgery. 

The tined lead electrodes that were used for this 
study and that are constructed for percutaneous im- 
plantation use only (Grill and Mortimer 2000) turned 
out to be mostly inappropriate for laparoscopic hand- 
ling. However, this did not influence laparoscopic 
placement of the electrode. On the contrary, the tip 
of the electrode and particularly its shape and stiff- 
ness were helpful in guiding the electrode along the 
nerve and in pushing it forward with sound contact 
with the nerve. Sound contact was established with 
at least three to four poles, which is considered more 
than sufficient for excellent nerve stimulation. As de- 
scribed previously by other groups, neural cuff elec- 
trodes seem more appropriate for laparoscopic 
implantation (Grill and Mortimer 2000; Romero et al. 
2001; Navarro et al. 2005; Vince et al. 2005a, b; Thil 
et al. 2007). To date, cuff electrodes are the most in- 
vestigated type of implantable electrodes (Navarro 
et al. 2005; Rabischong et al. 2011). The potential 
risks of cuff electrodes include compression of the 
nerve, erosion, and continuous physical irritation of 
the nerve. The possible morphological changes in the 
nerve during implantation and chronic stimulation 
merit further investigation and, to date, only the ob- 
turator and sciatic nerves have been investigated 
(Vince et al. 2005a, b; Thil et al. 2007). 

The absence of a bladder response before and dur- 
ing stimulation of the pudendal nerve during urody- 
namic measurements in the course of the surgery was 
not optimal. However, pudendal stimulation was ob- 
served as reflected by perianal skeletal muscle con- 
tractions during the two stimulation sets. In general, 
the absence of micturition even during light sedation 
once more underlines the fact that anaesthesia inter- 
feres with micturition (Matsuura and Downie 2000). 
Data from all animal models consistently show 
suppressed micturition during general anaesthesia, 
making intraoperative urodynamic measurements 



unnecessary. Moreover, the utility of urodynamic ana- 
lyses of acute electrical stimulation of peripheral 
nerves is questionable, as anaesthesia suppresses or at 
least alters the bladder response. This calls into ques- 
tion the reliability of such data, and acute pudendal 
nerve stimulation itself may not accurately reflect the 
potential effectiveness of chronic stimulation. The 
continuous presence of a pneumoperitoneum during lap- 
aroscopic surgery amplifies these effects. Accordingly, 
chronic stimulation with regular follow-up analysis is 
needed to learn more about the potential interference of 
neuromodulation with bladder function. 

Laparoscopic pudendal neuromodulation may facilitate 
the development of alternative neuromodulation me- 
thods that could be useful when sacral neuromodulation 
fails, when there are anatomical abnormalities, or for 
pain patients with potential involvement or pathology of 
the pudendal nerve. Furthermore, in terms of functional 
urology, specific bladder disorders cannot be treated 
exclusively by S3 modulation. Thus, access to add- 
itional peripheral nerves may be needed to ensure 
therapeutic success. The pudendal nerve is one of the 
most important peripheral nerves to be targeted for 
treating specific bladder disorders, and electrode im- 
plantation using laparoscopy could be the best surgi- 
cal approach for accessing this nerve and for 
implanting an appropriate electrode for chronic 
neuromodulation. 

Conclusions 

The aim of this study was to create a standard laparo- 
scopic approach for localisation of the pudendal nerve 
and implantation of an electrode at the nerve site with 
subsequent stimulation and urodynamic and electro- 
myographic evaluation of the urinary bladder and peri- 
neal skeletal muscles. This study showed that in an 
appropriate animal model, i.e. the pig, standardised lap- 
aroscopic localisation of the pudendal nerve and place- 
ment of an electrode at the nerve site under optical 
control is feasible, reproducible, and safe. Furthermore, 
this approach is suitable for electrode implantation and 
subsequent chronic pudendal neuromodulation using an 
appropriate type of electrode. Urodynamic measure- 
ments are challenging during anaesthesia as narcotic 
substances most likely influence bladder physiology. A 
laparoscopic approach may be an alternative to the 
conventional percutaneous approach for direct electrode 
implantation at any peripheral nerve target for neuro- 
modulation purposes, such as for bladder dysfunction 
and chronic pelvic pain. With this aim, further animal 
studies have to be conducted to re-evaluate and further 
optimise the surgical technique and engineering, and 
electrode types must be tested. In addition, chronic 
functional stimulation outcomes must be assessed in 
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studies to make this technique accessible to patients suf- 
fering from underlying clinical diseases. 

Methods 

Pilot study 

In a pilot cadaveric study (data not shown), two female 
adult Large White pigs were sacrificed and exsangui- 
nated using standard procedures in the presence of a 
veterinarian. The anatomical conditions were analysed 
and documented photographically in an open autopsy to 
plan a possible standard laparoscopic access route to the 
pudendal nerve. 

Animals and anaesthesia 

In the main study, laparoscopy was performed on 10 fe- 
male PIC-variety farm pigs (4 months old, body weight 
22-30 kg). All procedures were performed in accordance 
with Romanian law pertaining to the care and use of la- 
boratory animals and in accordance with the European 
Community Guidelines for the use of experimental ani- 
mals. Ethical approval was obtained from the Ethics and 
Deontology Committee for Research on Animals at the 
University of Medicine and Pharmacy Timisoara. Before 
surgery, the animals were deprived of food for 24 hours 
but had access to water ad libitum. Animals were pre- 
anaesthetised intravenously with xylazine 2 mg/kg and 
ketamine 15 mg/kg. Anaesthesia was induced via intra- 
venous administration of thiopentalum 7 mg/kg. After 
oral endotracheal intubation, 1% isoflurane carried by 
oxygen was used to maintain general anaesthesia 
throughout surgery. A manually recorded Anaesthesia 



and Intraoperative Animal Monitoring Record was 
used to document each animals vital signs, anaesthe- 
sia, and intravenous fluid administration during the 
surgery. 

Surgery 

The pneumoperitoneum was created using a Veress nee- 
dle two fingers breadth below the umbilicus. Insufflation 
with C0 2 was carried out until an intra-abdominal pres- 
sure of 12 mmHg was achieved. Two 12-mm suprapubic 
ancilliary trocars were placed (under direct vision) both 
caudal and lateral to the midline in a triangular position. 
The anatomical landmarks were defined in a 30° contra- 
lateral position. All surgical procedures were performed 
using standard laparoscopic instruments, including a 0° 
camera, graspers, and scissors (Karl Storz, Tuttlingen, 
Germany). The laparoscopy procedure started by localis- 
ing the bifurcation of the internal iliac artery and vein, 
followed by dorsal dissection of the fascia to find the 
superficially located obturator nerve. Next, the pelvic 
sidewall was followed until the broad ligament of the 
pelvis was reached. The superficial layer of the ligament 
was incised and opened bluntly, and the pudendal nerve 
was located right underneath (Figure 4). The pudendal 
nerve was detached carefully from the surrounding tis- 
sue for a length of 20 to 30 mm. A tined lead electrode 
(percutaneous lead, Model 3887, Medtronic Inc.) was 
inserted through the ipsilateral trocar leaving the very 
end of the electrode on the outside for subsequent 
stimulation after reinsertion of the trocar. The electrode 
was placed in parallel to the pudendal nerve under 




Figure 4 Schematic drawing of the anatomy of the small pelvis of pigs. Blood vessels and peripheral nerves that are relevant to the current 
study are highlighted. In particular, No. 9 and 10 corresponds to A and V. ilioco interna, while no. 17 corresponds to the obturator nerve, no. 15 
corresponds to sciatic nerve and no. 19 corresponds to the pudendal nerve (Popesko 1977). This illustration was published with permission from 
Enke Publishing, Stuttgart, Germany, and from Priroda Publishing, Bratislava, Slovakia. 
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optical guidance, and contact with the nerve was con- 
firmed visually before starting stimulation. 

Catheterisation and urodynamics 

Prior to laparoscopy, a 7-french air catheter was transur- 
ethrally inserted into the bladder (15 cm into the 
bladder) during light sedation. Two perineal surface 
electrodes were placed for electromyography recordings, 
while a null electrode was placed on a non-responsive 
skeletal muscle (M gracilis). There were no active 
skeletal muscle contractions due to anaesthesia, so the 
abdominal pressure was not recorded. Correct place- 
ment of the catheter was verified by irrigation and urine 
backflow after insertion. Before starting the experiments, 
the bladder was drained manually using a syringe. Blad- 
der pressure (cmH 2 0) was recorded during filling with 
50 ml/min physiological warm (37°C) sodium chlo- 
ride solution. The bladder was filled to its estimated 
maximum capacity of 200 ml. Electromyography recor- 
dings were conducted in parallel. The evaluations were 
performed twice, and the bladder was drained com- 
pletely in between the two recordings. Two additional 
electromyography measurements were performed, once 
during general anaesthesia and one after the pneumo- 
peritoneum was established. During surgery, the urinary 
bladder was allowed to drain continuously via a catheter. 
After placement of the electrode alongside the pudendal 
nerve and filling the bladder to 80% of its maximum 
capacity (160 ml), unilateral neurostimulation was per- 
formed starting with 210 (is, 10 Hz, and 10 V for 15 mi- 
nutes, followed by a 5-minute break and subsequent 
stimulation with 450 (is, 50 Hz, and 10 V for another 
15 minutes. The stimulation parameters were deter- 
mined using a standard protocol for treating bladder re- 
tention or overactivity that is wide spread and routinely 
performed in patients treated with sacral neuromodula- 
tion therapy in our clinics. During these recordings, the 
bladder was regularly triggered to provoke bladder reac- 
tions. Triggering was performed until the onset of the 
surgery (after creation of the pneumoperitoneum) using 
manual external compression of the abdomen or after 
the onset of surgery using pressure applied by a grasper 
using optical guidance via a camera. The applied pres- 
sure was monitored by the urodynamic unit to ensure 
that it did not exceed 40 cmH 2 0. The measurement was 
repeated for the pudendal nerve on the opposite side 
after relocation of the electrode. After assessment of the 
electrode placement and after the final urodynamic re- 
cordings, the pudendal nerves were bilaterally dissected 
and fixed for histological analysis in 2.5% glutaraldehyde 
in 0.15 M sodium cacodylate buffer pH 7.4. The samples 
were post-fixed in 4% osmium tetroxide and, after a 
series of alcohol dehydration steps, embedded in epoxy 
resin for semi-thin sectioning. The sections were stained 



with methylene blue and examined under a light 
microscope. 

Competing interests 

The author(s) declare that they have no competing interests. 
Authors' contribution 

EF designed the study, assisted in the surgeries, carried out the urodynamic 
measurements and histological analyses and drafted the manuscript. GJ 
participated in the design of the study and coordination, and advised for 
laparoscopic handling. BH conceived of the study, managed the anaesthesia 
and intraoperative monitoring of the pigs. RZ designed the study, conducted 
the laparoscopic surgeries, evaluated the urodynamic analyses, and helped 
to draft the manuscript. All authors read and approved the final manuscript. 

Acknowledgements 

This study was funded by the Eugen-Rehfisch-Prize from the Forum 
Urodynamicum e.V. (2013). The authors thank Gerlinde Neufeld, Ulrich Meitz, 
Maria Rothansl, Ayko Bresler, and Cosmin Glameanu for their expert 
assistance. 

Author details 

Spinal Cord Injury and Tissue Regeneration Center Salzburg, Strubergasse 
21, 5020 Salzburg, Austria. 2 Pius Branzeu Centre for Laparoscopic Surgery and 
Microsurgery, Victor Babes University of Medicine and Pharmacy Timisoara, 
P-ta Eftimie Murgu Nr. 2, 300041 Timisoara, Romania, department of 
Urology and Andrology, Salzburg General Hospital, Muellner HauptstraBe 48, 
5020 Salzburg, Austria. 

Received: 17 October 2013 Accepted: 17 June 2014 
Published: 24 June 2014 

References 

Bossowska A, Crayton R, Radziszewski P, Kmiec Z, Majewski M (2009) Distribution 
and neurochemical characterisation of sensory dorsal root ganglia neurons 
supplying porcine urinary bladder. J Physiol Pharmaco 60:77-81 

Dalmose AL, Bjarkham CR, Djurhuus JC (2005) Stereotactic electrical stimulation 
of the pontine micturition centre in the pig. BJU Int 95:886-889 

Grill WM, Mortimer JT (2000) Neural and connective tissue response to long-term 
implantation of multiple contact nerve cuff electrodes. J Biomed Mater Res 
50:215-226 

Jensen KN, Deding D, Sorensen J, Bjarkam CR (2009) Long-term implantation of 

deep brain stimulation electrodes in the pontine micturition centre of the 

Gottingen minipig. Acta Neurochir 151:785-794 
Jorgensen TM, Djurhuus JC, Jorgensen HS, Sorensen SS (1983) Experimental 

bladder hyperreflexia in pigs. Urol Res 11:239-240 
Le NB, Kim JH (201 1) Expanding the role of neuromodulation for overactive 

bladder: new indications and alternatives to delivery. Curr Bladder Dysfunct 

Rep 6:25-30 

Martens FMJ, Heesakkers JPFA, Rijkhoff NJM (201 1) Surgical access for electrical 

stimulation of the pudendal and dorsal genital nerves in the overactive 

bladder: a review. J Urol 186:798-804 
Matsuura S, Downie JW (2000) Effect of anesthetics on reflex micturition in the 

chronic cannula-implanted rat. Neurourol Urodynam 19:87-99 
Mills IW, Drake MJ, Greenland JE, Noble JG, Brading AF (2000) The contribution of 

cholinergic detrusor excitation in a pig model of bladder hypocompliance. 

BJU Int 86:538-543 

Navarro X, Krueger TB, Lago N, Micera S, Stieglitz T, Dario P (2005) A critical 
review of interfaces with the peripheral nervous system for the control of 
neuroprotheses and hybrid bionic systems. J Per Ner Sys 10:229-258 

Peters KM (2010) Alternative approaches to sacral nerve stimulation. Int 
Urogynecol J 21:1559-1563 

Peters KM, Feber KM, Bennett RC (2005) Sacral vs. Pudendal nerve stimulation for 
voiding dysfunction: a prospective, single-blinded, randomized, crossover 
trial. Neurourol Urodynam 24:643-647 

Popesko P (1977) Atlas of Topographical Anatomy of the Domestic Animals, 7th 
edition. Enke publishing, Stuttgart 

Possover M (2010) The laparoscopic implantation of neuroprothesis to the sacral 
plexus for therapy of neurogenic bladder dysfunctions after failure of 
percutaneous sacral nerve stimulation. Neuromodulation 13:141-144 



Foditsch et al. SpringerPlus 2014, 3:309 
http://www.springerplus.eom/content/3/1/309 



Page 8 of 8 



Possover M, Baekelandt J, Chiantera V (2007) The laparoscopic approach to 

control intractable pelvic neuralgia: from laparoscopic pelvic neurosurgery to 

the LION procedure. Clin J Pain 23:821-825 
Possover M, Schurch B, Henle KP (2010) New strategies of pelvic nerves 

stimulation for recovery of pelvic visceral functions and locomotion in 

paraplegics. Neurourol Uodyn 29:1433-1438 
Rabischong B, Larrain D, Rabischopn P, Botchorishvili FG, Gallego S, Gaydier P, 

Chardigny JM, Avan P (201 1) Laparoscopic implantation of neural electrodes 

on pelvic nerves: an experimental study on the obturator nerve in a chronic 

minipig model. Surg Endosc 5:3706-3712 
Romero E, Denef JF, Delbeke J, Robert A, Veraart C (2001) Neural morphological 

effects of long-term implantation of the self-sizing spiral cuff nerve electrode. 

Med Biol Eng Comput 39:90-100 
Spinelli M, Giardiello G, Gerber M, Arduini A, van den Hombergh U, Malaguti S 

(2003) New sacral neuromodulation lead for percutaneous implantation 

using local anaesthesia: description and first experience. J Urol 

170:1905-1907 

Spinelli M, Malaguti S, Giardiello G, Lazzeri M, Tarantola J, Van Den Hombergh U 

(2005) A new minimally invasive procedure for pudendal nerve stimulation 

to treat neurogenic bladder: descripiton of the method and preliminary data. 

Neurourol Urodynam 24:305-309 
Thil MA, Duy DT, Colin IM, Delbeke J (2007) Time course of tissue remodelling 

and electrophysiology in the rat sciatic nerve after spiral cuff electrode 

implantation. J Neuroim 185:103-114 
Vince V, Brelen ME, Delbeke J, Colin IM (2005a) Anti-TNF-a reduces the inflammatory 

reaction associated with cuff electrode implantation around the sciatic nerve. 

J Neuroim 165:121-128 
Vince V, Thil MA, Gerard AC, Veraart C, Delbeke J, Colin IM (2005b) Cuff electrode 

implantation around the sciatic nerve is associated with an upregulation of 

TNF-a and TGF-bl. J Neuroim 159:75-86 



doi:1 0.1 186/2193-1801-3-309 

Cite this article as: Foditsch et al.: Laparoscopic placement of a tined 
lead electrode on the pudendal nerve with urodynamic monitoring of 
bladder function during electrical stimulation: an acute experimental 
study in healthy female pigs. SpringerPlus 201 4 3:309. 



Submit your manuscript to a SpringerOpen 0 
journal and benefit from: 

► Convenient online submission 

► Rigorous peer review 

► Immediate publication on acceptance 

► Open access: articles freely available online 

► High visibility within the field 

► Retaining the copyright to your article 



Submit your next manuscript at ► springeropen.com 



J 



